In the past, she had been treated for meningoencephalitis at the age of two years. Neuroimaging done at that time showed a small right sided infarction and mild-moderate ventriculomegaly ( Figure 1 Although she had a setback in the development initially, she recovered well later. Now she attends normal school but has difficulties in maintaining satisfactory academic performance.
With treatment her hyperglycaemia and the associated biochemical changes improved gradually. However, her level of consciousness began to deteriorate from GCS of 15 on admission to 9/15 over the next 12 hours. She was treated with osmotic therapy and neuro-protection measures for suspected cerebral oedema and later with intensive care for management of raised intracranial pressure and critical care monitoring.
Due to this poor improvement of level of consciousness computed tomography (CT) of brain was performed. This revealed an obstructive hydrocephalus with dilated lateral ventricles and normal size 4 th ventricle indicating a possible aqueduct stenosis. Due to poor improvement of her conscious status, she underwent external ventricular drainage but with little benefit. Eventually, she had a ventricular peritoneal shunt inserted and this resulted in gradual improvement of her conscious status to normal. She was discharged after two weeks with no further problems. MRI of brain confirmed the aqueduct stenosis ( Figure 2 ).
She has been followed up regularly over the past three years. She is back in school and continuing without any further complications.
Discussion
Insulin dependent diabetes is a growing problem in children. DKA is the most feared life threatening emergency and the leading cause of death in a child with diabetes 2 . DKA is defined as serum glucose concentration more than 300mg/dl, blood bicarbonate less than 15mmol/L, venous pH less than 7.25 and the presence of ketones in the urine 3, 4 . One important challenge in DKA is the vulnerability to intracerebral complications and the subsequent neurological deterioration. The recognized causes for neurological deterioration are cerebral oedema, cerebral infection, cerebrovascular accidents and basilar oedema 5, 6 . Among these, cerebral oedema is the foremost significant contributor to mortality and morbidity in children with DKA 7, 8 . The overall risk of developing cerebral oedema is 6.8 per 1000 episodes of DKA in children under 16 years in the UK 6 and is much higher in those newly diagnosed with DM. Cerebral oedema is also responsible for majority of diabetes-related deaths in children 2 .
Obstructive hydrocephalus developing in a child with DKA is an extremely rare occurrence. Only a few cases have been reported in the past. Hayes PC and Newton RW described a case of reversible internal hydrocephalus during an episode of DKA 8 . Eskander et al reported on an 11 year old presenting with new onset insulin dependent DM and DKA 9 . Though he was initially responsive, like our patient he became unresponsive after gradual correction of the DKA. The CT scanning demonstrated obstructive hydrocephalus resulting from focal cerebellar and brainstem oedema 10 . Gruber TJ 11 described a similar situation to ours in a child with a previous neurological insult, where a 15 year old with shunt placement following repair of a myelomeningocele, presented with transient new onset ventriculomegaly in association with DKA.
Our patient had an asymptomatic, mild communicating hydrocephalus following the right side temporal lobe infarction she sustained many years ago. On top of this she developed hydrocephalus due to aqueduct stenosis. Several pathophysiological mechanisms can explain the occurrence of aqueduct stenosis. First, the presence of brainstem oedema can compress the aqueduct and thus the obstructive hydrocephalus. Though the CT imaging of this child failed to show gross cerebral oedema, we are aware of its limitation in showing the presence of brainstem oedema. Localized cerebral oedema in the absence of generalized oedema in DKA has been previously described 6 . Rosenbloom reported that 8-10% of instances of clinically apparent generalized cerebral oedema will be associated with localized basilar oedema 7 . The reasons for this different type of oedema may be related to DKA being related to more vasogenic (blood brain barrier) than cytotoxic oedema 5 . Further, recent studies show that in DKA, there are regional increases in the blood-brain-barrier permeability ratio 12 . These evidences may partly explain the reasons for the development of aqueduct stenosis due to possible localized oedema in the brainstem region causing aqueduct narrowing and obstructive hydrocephalus. Another possible explanation for development of aqueduct stenosis in this child is the hypothesis suggested by McMillon JJ and Williams B 13 who suggested that non tumorous aqueduct stenosis is more likely to be the result of hydrocephalus. As in this child who had communicating hydrocephalus earlier, the lateral ventricles can enlarge as a result of intracellular volume loss due to hyperglycemia 10 . This is also the likely explanation outlined in the case of transient ventriculomegaly in a child with hypernatremia 14 . The sudden development of enlarging hydrocephalus causes the under surface of the temporal lobes to move downwards. With the depression of the tentorium the upper brain stem becomes more vulnerable to compression and producing aqueduct stenosis 13 .
This case highlights that different complex mechanisms result in different intracerebral insults in a child with DKA. Evaluating for other causes for acute neurological deterioration beside cerebral oedema is recommended when the standard treatment is unresponsive.
